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Industrial breadmaking equipment typically processes batches of 200 kg or more of raw
ingredients, while scaled down versions are widely used for research and development stud-
ies. A literature review shows that the use of domestic breadmakers has become routine
to  enable cheaper and more convenient small batch production of bread which facilitates
assessment of new ingredients and formulations, and for other studies on bread and the
breadmaking process. However, whilst recipe formulations can be scaled down, the process
in  a breadmaker may not be an accurate representation of industrial processes, leading to
differences in aspects of bread quality and the nature and direction of ingredient effects.
This short communication assesses whether breadmaker-produced bread is representative
of  bread produced using industrial methods, and therefore if the results of studies con-
ducted on breadmaker-produced breads are representative of those that would be obtained
on  industrial equipment. A study of some quality parameters in breads made using a
household breadmaker versus scaled down industrial breadmaking equipment showed an
opposing trend for the relationship between sugar content and speciﬁc volume, and between
sugar content and crumb ﬁrmness, in loaves made from both methods. The differing quality
parameters of breadmaker-produced loaves compared to loaves produced in scaled down
industrial breadmaking equipment suggested that breadmaker-produced breads can give
misleading indications of likely ingredient effects at industrial scale.©  2016 The Authors. Published by Elsevier B.V. on behalf of Institution of Chemical
Engineers. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).
dients, typically based on around 500 g ﬂour, compared to1.  Introduction
Bread is versatile and ﬁlling, and an affordable worldwide sta-
ple. Traditional home breadmaking involves kneading bread
dough, proving it, knocking it back, and shaping the dough for
a ﬁnal proof before baking to transform it into bread. House-
hold breadmakers ﬁrst became available in Japan in 1987
∗ Corresponding author. Tel.: +44 161 306 4388.
E-mail address: p.martin@manchester.ac.uk (P.J. Martin).
1 Current address:  University of Huddersﬁeld, School of Applied Scien
http://dx.doi.org/10.1016/j.fbp.2016.06.004
0960-3085/© 2016 The Authors. Published by Elsevier B.V. on behalf of
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).and have become commonplace in many  countries world-
wide (Hironaka, 2000); they represent a major contribution
this mainly rice-eating nation has made to the practice and
consumption of bread (Campbell, 2002).
Household breadmakers require small quantities of ingre-ces, Queensgate, Huddersﬁeld HD1 3DH, United Kingdom.
industrial breadmaking and commercial test baking. For test
 Institution of Chemical Engineers. This is an open access article
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aake work, which requires considerable skill and complex
quipment, the attractions of producing bread in a bread-
aker include the relative simplicity and uniformity of the
rocess that can be imparted.
However, breadmaker models differ from one another in
any ways such as the size and shape of their loaf tins, times
nd temperatures of each operation and impeller shape and
ixing action. French and Perchonok (2004) investigated the
readmaking process in four different breadmakers and found
igniﬁcant differences in the volume and texture of the loaves
roduced.
Industrial breadmaking equipment typically processes
atches of at least 200 kg of raw ingredients. This scale is
ostly and inconvenient for research and development stud-
es. Scaled down  versions of industrial equipment are widely
sed for these. For example, in the UK the Chorleywood bread
rocess (CBP) is used to produce the majority of plant bread.
 kg batches can be produced using the Tweedy 10 mixer which
s a scaled down version of the mixers used in the CBP and
ives loaves that are representative of that process at the
ndustrial scale.
However, when comparing industrial breadmaking to pro-
ucing bread in a breadmaker, the breadmaking process
iffers. Industrial CBP breadmaking begins with pressurised
igh speed mixing before mixing under a partial vacuum,
hereas breadmakers operate at atmospheric pressure and
ixing occurs at a lower speed over a longer time. In industry
roving occurs at controlled temperatures and humidity, and
he duration depends on the formulation. In a breadmaker
nly the temperature is controlled and proving times depend
n the programme selected. Industrial bread loaves are baked
n a steam oven. More  heated air surrounds the loaves in
ndustrial sized ovens compared to loaves in a compact
readmaker. It can therefore be expected that breadmaker-
roduced breads will differ to industrially-produced breads of
he same formulation.
Studies of bread dough mixing and baking have shown
hat following the same process and maintaining geometrical
imilarity of mixer design are not sufﬁcient to replicate full
cale production process conditions and achieve representa-
ive bread products. Wilson et al. (1997) found that compared
o doughs made in a laboratory scale mixer, doughs made in
 full scale industrial mechanical dough development mixer
equired a greater work input for development. Martin et al.
2004) found increased aeration on scale-up when scaling-up
ixing from laboratory to pilot plant scale. Sommier et al.
2011) investigated how the air and radiative temperature of
he heating elements in a laboratory scale oven had to be
djusted to obtain comparable convective and thermal ﬂux
o that laboratory scale ovens would mimic  industrial ovens
or baked cereal products.
Bread typically contains 70–80% air by volume, contained
ithin the gas cells in the product. These are responsible for
 number of quality parameters in bread, such as the tex-
ure and brightness of the crumb, absorbance of sauces, and
oaf volume. Softer products are perceived as fresher than
heir ﬁrm counterparts which are generally perceived as stale.
actors that determine how ﬁrm the crumb is include the
ensity of the crumb and the quantity, volume and distribu-
ion of gas cells within the crumb. Brightness is particularly
mportant in white bread and the whiter the bread, the higher
ts perceived quality. Loaf volume is often perceived by con-
umers as indicative of its value for money with a more
erated loaf perceived as better value. These are amongst thereasons why aeration during breadmaking is an important
quality parameter and why dough voidage and cell size distri-
bution have been widely studied. Density measurement has
been used for measuring voidage due to its low cost, ease
and convenience of the technique (Campbell et al., 2001; Chin
et al., 2004). Additional techniques utilised for voidage mea-
surement in breadmaking studies include ultrasound (Leroy
et al., 2008 and X-ray computerised tomography (X-ray CT)
(Bellido et al., 2006; Turbin-Orger et al., 2012; Trinh et al., 2013,
2015), whilst also measuring cell size distribution. Ultrasound
has the disadvantage of poor resolution and small cells obscur-
ing measurements. Microscopy has also been used to probe
into the cell size distribution in bread dough (Campbell et al.,
1991; Martin et al., 2004). However, microscopy is laborious in
its preparation, and generates 2D images with a high proba-
bility of artefacts.
This short communication presents a literature review
of the use of domestic breadmakers in the research liter-
ature. It then investigates whether using a breadmaker to
assess changes in formulation is representative of industrial
breadmaking processes. Bread was produced using both a
breadmaker and a Tweedy-type mixer, a scaled down  version
of high speed industrial mixers, designed to mix  approxi-
mately 0.45 kg of dough (about 1 pound, hence referred to
as the Tweedy 1). Quality parameters (speciﬁc volume of
the loaves, crumb ﬁrmness and cell size distribution) were
assessed to determine if differences arose in the products from
the two methods.
2.  Literature  review
A review of the use of domestic breadmakers in the research
literature was conducted and is summarised in Table 1. The
use of breadmakers can be split into two categories. The ﬁrst
is to provide a convenient means of producing small batches
of consistent bread for various purposes. Campbell et al. (2003)
produced bread in a breadmaker to monitor blood glucose lev-
els following different daily regimes. Burton and Lightowler
(2006) altered the structure of bread, through different formu-
lations and by manually manipulating the proving times in a
breadmaker, to assess the relationship between bread’s struc-
ture and its effects on glycaemic response and satiety. Clark
and Johnson (2006) added lupin kernel ﬁbre to the formula-
tion of several products including bread made in a breadmaker
to assess panellists’ hedonic responses to the nutritionally
improved product, while Muir and Westcott (2000) developed
and assessed a method for extracting and quantifying the
health beneﬁting ﬂax lignin in breadmaker-produced breads
and other bakery products.
The second category is where breadmakers have been used
to produce small batches of bread which have then been ana-
lysed for various quality attributes. For example, they have
been used to produce doughs and breads to assess the effec-
tiveness of new ingredients and formulations in improving
quality parameters or nutritional value of wheat-based breads
(Low et al., 2004; Seguchi and Abe, 2004; Loveday and Winger,
2007; Seguchi et al., 2007, 2009,2010; Curti et al., 2013; Sivam
et al., 2013a,b; Hatta et al., 2015) or improving the quality
of gluten-free bread so it more  closely resembles gluten-
containing breads (Kawamura-Konishia et al., 2013).
This review illustrates that domestic breadmakers have
become routinely used in research studies. They have been
shown to be a convenient way of producing a standardised
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Table 1 – Summary of research literature involving breadmakers.
Publication Breadmaker used Formulation
variables
Bread analysis Others
Muir and Westcott
(2000)
Regal K6769C SDG levels, ﬂax seed
levels
Extraction efﬁciency for SDG in
comparison to commercially
available breads
Campbell et al.
(2003)
Not speciﬁed Breadmaker used to
produce standardised
bread in postprandial
glycemic response study
Seguchi et al. (2003) Panasonic SD-BT6 Wheat ﬂour variety Water loss from frozen proved
dough, loaf weight, height,
volume, visual crumb grain
evaluation
Low et al. (2004) Breville’s Baker’s Oven
BB290
Percentage of original
glyphosphate in the dough
formulation following varying
proving times
French and
Perchonok (2004)
Zojirushi BBCC-V20,
Breadman TR3000,
Breadman TR2200C,
BreadyAB Bready
Soy  milk levels,
okara levels, bran
size
Loaf volume, crumb hardness
Seguchi and Abe
(2004)
Panasonic SD-BT6 Disulphide levels Loaf height, speciﬁc volume
Clark and Johnson
(2006)
Panasonic Automatic
Breadmaker SD-200
Lupin kernel ﬁbre
levels
Sensory analysis
Burton and
Lightowler (2006)
Russell Hobbs
Breadman Pro
Breadmaker  used to
produce different
volume breads to
investigate the
relationship between
food structure,
composition, glycaemic
index and satiety of
bread
Seguchi et al. (2007) Panasonic SD-BT6 Cellulose particle
size
Crust colour, dough
microscopic observation,
dough gas production during
proof
Loveday and Winger
(2007)
Breville Breadmaster Dough sugar content following
varying proving times
Seguchi et al. (2009) Panasonic SD-BT6 Capsicum levels,
capsicum variety
Crumb colour, speciﬁc volume,
height
Seguchi et al. (2010) Panasonic SD-BT6 Wheat germination
time
Loaf height, speciﬁc volume,
crumb colour
Kendall et al. (2011) Not speciﬁed Breadmaker used to
produce breads
containing varying
quantities of pistachio.
It’s effect on glycaemic
index was compared to
other carbohydrate rich
foods
Curti et al. (2013) Severin BM 3986 Bran particle size,
bran composition
Water  activity of crumb, water
activity of crust, volume,
number of pores, crumb colour,
crumb hardness
Kawamura-Konishia
et al. (2013)
Panasonic SD-BT6 Protease levels Speciﬁc volume., crumb
texture, staling rate, crumb
hardness, crust colour, baking
loss
Sivam et al. (2013a) Sunbeam Bakehouse
automatic dough+
breadmaker BM3500S
Water levels, pectin
levels, polyphenol
levels
Visuals, microstructure, NMR
spectra
Sivam et al. (2013b) Sunbeam Bakehouse
automatic dough+
breadmaker BM3500S
Water levels, pectin
levels, polyphenol
levels
Secondary conformations and
structure of gluten proteins
and polysaccharides in
ﬁnished bread
Hatta et al. (2015) Panasonic BH103 Bacillolysin levels,
papain levels,
subtilisin levels
Speciﬁc volume, crumb
hardness, morphological
observation of dough
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eread product at laboratory scale. However, to the authors’
nowledge, there has been no previous study of the correlation
f bread quality attributes from breadmakers with relevant
ndustrial production methods. The literature reports on bread
uality attributes based on domestic breadmaker studies is
ot supported by research that reproduces these effects at the
elevant production scale, to give conﬁdence that breadmaker
esults are relevant to industrial scale breadmaking.
This short communication considers evidence of whether
he results of studies conducted on breadmaker-produced
reads are representative of those that would be obtained
n industrial breadmaking equipment. In this study, sugar
as used as the key formulation variable for comparison of
reads made with a breadmaker versus industrial-type equip-
ent, as part of a larger study of the effect of sugar on dough
eration (Trinh et al., 2013, 2015). Sucrose, usually extracted
rom sugar beet or cane, is often added to bread formula-
ions at 1–2% to accelerate the process, generate an attractive
olour, and tenderise the bread, although too much sugar
as adverse effects on the bread, weakening the gluten net-
ork by competing for the available water (McGee, 2004). Trinh
t al. (2015) found the steady state voidage of bread dough
ecreased as the sugar content increased. This decrease in
read dough aeration was mainly due to an increase in the
ate of disentrainment during mixing. The authors also found
as cell size decreased, gas cell number increased, dough
xtensibility decreased and dough stickiness increased as the
ugar content increased. This larger study on sugar effects in
readmaking presents a convenient illustration of how effects
ay be different in identical bread formulations processed in
ndustrial-type equipment or in a breadmaker.
.  Materials  and  methods
n experimental programme was designed based on baking
 total of 36 loaves of bread. 18 were made in a bread-
aker and 18 hand-processed following mixing the dough in
he Tweedy 1 mixer (described in Chin and Campbell, 2005).
able 2 lists the formulations used for this study, comprising
ix different sugar contents in the range 0–17% based on the
our weight. This allowed assessment of any trends as sugar
ontent increased and how these differed between the two
readmaking methods.
.1.  Breadmaking  using  a  Tweedy  mixer
hree loaves of each formulation were made individually
ccording to the formulations presented in Table 2. Water was
oaded into the Tweedy 1 mixer, and the remaining ingredi-
nts with the yeast crumbled and vegetable fat broken up
Table 2 – Formulations for Tweedy mixed  and hand-processed a
Ingredient % ﬂour weight of sugar
0% sugar 1.5% sugar 5% s
Quantity (%)
Flour, 11% protein 59.8 59.2 58.0 
Vegetable fat 2.99 2.96 2.90 
Salt 1.08 1.07 1.04 
Ascorbic acid 0.00448 0.00444 0.004
Water 34.7 34.4 33.7 
Sugar 0.00 0.889 2.90 
Fresh yeast 1.49 1.48 1.45 were evenly distributed over the water. These were mixed in
the Tweedy 1 mixer at a nominal speed of 70 rad s−1 for three
minutes. The water temperature was controlled to ensure
the dough temperature immediately following mixing was
30 ± 2 ◦C. On removal from the mixer, the dough surface was
lightly coated in vegetable fat and the dough held in a greased
mixing bowl and covered with a damp tea towel to prevent
it from drying out. This was held directly above a bowl of
water in a Gallenkamp oven 300 plus series (Weiss Technik
UK, Leicestershire, UK) at 39 ◦C for 60 min. The water ensured a
humid atmosphere typical of industrial breadmaking. Follow-
ing the ﬁrst proof, 500 ± 1 g of the dough was shaped, placed
into a greased 500 g loaf tin and covered with a damp tea towel.
The dough was returned to the oven where it was held over a
bowl of water for 25 min for a second proof. It was then baked
at 230 ◦C in a Simon Rotary Test Baking Oven (Henry Simon
LTD, Stockport, UK) for 25 min, immediately turned out onto a
cooling rack and cooled overnight prior to assessment.
3.2.  Breadmaking  using  a  breadmaker
Three loaves of each formulation were made individually in
a Hinari Homebaker (Hinari, Oldham, Lancashire, UK)  accord-
ing to the formulations presented in Table 2. The water was
put into the breadmaker tin, the yeast crumbled and vegetable
fat broken up, and these alongside the remaining ingredients
were evenly distributed over the water. The medium setting
for basic bread was selected. On completion of the loaf, it
was immediately turned out onto a cooling rack and cooled
overnight prior to assessment.
3.3.  Speciﬁc  volume
The speciﬁc volume of the loaves was determined according
to the AACC Method 10-05.01; the volume of seeds required to
displace the loaf was determined as the loaf volume.
3.4.  Firmness
Each loaf was sliced transversely to a thickness of 15 mm
using a serrated knife, and the central three slices analysed,
providing nine slices for each formulation. Crumb ﬁrmness
was determined on individual slices of bread using a Stable
Microsystems TA.XT plus Texture Analyser (Stable Microsys-
tems, Surrey, UK). A ﬂat ended cylindrical probe of 36 mm in
diameter was pushed into the bread at a speed of 2 mm s−1 to
a total distance of 8 mm (i.e. a local engineering strain of 53%),
and the force recorded.
nd breadmaker produced loaves.
ugar 10% sugar 15% sugar 17% sugar
56.4 54.9 54.1
2.82 2.74 2.71
1.02 0.987 0.975
35 0.00423 0.00411 0.00406
32.7 31.8 31.4
5.64 8.23 9.34
1.41 1.37 1.35
58  food and bioproducts processing 1 0 0 ( 2 0 1 6 ) 54–603.5.  Cell  size  distribution
Cell sizes and numbers were obtained using the C-Cell digi-
tal imaging system (Calibre Control International, Warrington,
UK) on three central bread slices from each bread loaf, totalling
nine slices for each formulation.
3.6.  Anova  tests
Single factor analysis of variance tests at 5% signiﬁcance level
were conducted using the inbuilt Microsoft Excel 2013 func-
tion.
4.  Results  and  discussion
4.1.  Speciﬁc  volume
The volume of a loaf depends on the number and size of air
bubbles within the loaf and also the density of the crumb
surrounding the air bubbles. Fig. 1(a) presents the speciﬁc vol-
ume  of different sugar content loaves produced from the two
breadmaking methods. Clearly, the effect of sugar on loaf spe-
ciﬁc volume was different in the two systems. For doughs
mixed in the Tweedy 1 mixer and hand processed, the effect
of increased sugar content was a decrease in the speciﬁc vol-
ume  of the loaves. By contrast, for loaves prepared in the
breadmaker, the effect of sugar was to increase loaf speciﬁc
volume. Anova tests at a 5% signiﬁcance level found that
both the negative correlation for the Tweedy-mixed breads
and the positive correlation for the breadmaker breads were
signiﬁcant.As sugar is commonly added to industrially made breads at
0–2%, the difference in trend shown in doughs from the two
Fig. 1 – Sugar content vs. quality parameters. Error bars are one 
volume of different sugar content breadmaker and Tweedy loave
breadmaker and Tweedy loaves 8 mm.  (c) Mean cell diameter of d
Cell density of different sugar content breadmaker and Tweedy lmethods containing 0% and 1.5% sugar are the most impor-
tant, as breads containing this quantity of sugar are most likely
to be produced.
4.2.  Firmness
Quantiﬁcation of crumb ﬁrmness was carried out by determin-
ing the force to compress the crumb by 8 mm.  The more  gas
cells between the crumb and the thinner the cell walls, the
less force required to compress the crumb. Fig. 1(b) presents
the differing amounts of force required to compress different
sugar content loaves 8 mm in the two breadmaking systems.
The effect of sugar differs in the two systems. For loaves
made in the Tweedy 1 mixer and hand processed, the force
required is generally higher than in the breadmaker-processed
loaves. In contrast to the breadmaker-processed loaves which
decrease in ﬁrmness with increased sugar levels, these loaves
show an increase in ﬁrmness. Anova tests at a 5% signiﬁcance
level found that both the negative correlation observed in the
breadmaker breads and the positive correlation in the Tweedy
breads are signiﬁcant.
It was expected that a higher speciﬁc volume, associated
with more  gas and less solid crumb, would result in lower
forces required to compress the bread. This hypothesis is sup-
ported by the results presented in Fig. 1(a) and (b), which
indicate an inverse relationship between speciﬁc volume and
compression force for both breadmaker and Tweedy made
loaves.
4.3.  Cell  size  distributionThe cell size distribution in bread is the number of cells
present in groups of different cell sizes. Fig. 1(c) presents the
standard error of mean either side of the mean. (a) Speciﬁc
s, (b) force required to compress different sugar content
ifferent sugar content breadmaker and Tweedy loaves. (d)
oaves.
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ean cell diameter of the cells in the two breadmaking sys-
ems. It shows differences in the mean cell diameters of the
ifferent sugar content breads from the two systems. Changes
n mean cell size observed in the different systems as the sugar
ontent increases are not proportional. ANOVA identiﬁed the
bserved differences as signiﬁcant. The mean cell diameters
anged from 1.9 to 2.3 mm and are commensurate with the
ange reported in the literature. For example, Ktenioudaki
t al. (2011) reported mean cell diameters ranging from 2.0
o 2.5 mm,  whereas Villarino et al. (2014) reported mean cell
iameters ranging from 1.2 to 1.8 mm.
Fig. 1(d) shows the cell density of the different sugar con-
ent loaves made in the two systems. The cell densities range
rom 0.52 cells mm−2 to 0.67 cells mm−2. This is less than the
ell density found by Villarino et al. (2014) who investigated
reads made with a combination of wheat ﬂour and lupin ﬂour
ollowing different proving and baking times. Differences in
he formulations and ﬂour used especially and the method-
logy, in particular the range of proving and baking times
nvestigated are likely to explain the larger range, from 0.77
o 1.05 cells mm−2 that the authors observed using the C-Cell
ompared to this study. A more  comparable study would be
hat by Baiano et al. (2009), where the authors used a combi-
ation of durum wheat ﬂour and toasted durum wheat ﬂour
t quantities up to 50% in their bread formulations to increase
he dietary value of the bread. It was expected that this would
ave detrimental effects on bread’s quality characteristics.
aiano et al. (2009) obtained cell densities ranging from 0.45 to
.56 cells mm−2. The less toasted durum wheat ﬂour present
n the bread the studied, the greater the cell densities and the
loser the cell densities were to those obtained in this study.
The cell density differs for identical sugar content loaves
ade using both methods, with a generally higher cell density
n the Tweedy-produced loaves compared to the breadmaker-
roduced loaves for identical sugar content breads. ANOVA
ests show that a signiﬁcant difference exists between the two
ata sets.
Fig. 2 shows selected cell diameter density distributions for
oth loaves produced in the breadmaker and Tweedy mixer.
ell diameter densities below 10−3 cells mm−3 were based on
easurements of fewer than 10 cells and are therefore sus-eptible to random errors. Fig. 1(c) and (d) illustrated that there
ere overall differences in the distributions, and comparison different sugar content loaves.
of the data in Fig. 2 illustrates differences within the density
distributions of bread produced using both methods.
There are many  different parameters which determine the
quality of bread. The work in this paper shows an investigation
into the effect of sugar on several quality parameters in bread:
speciﬁc volume, ﬁrmness, cell size, cell diameter and cell den-
sity. This work has been carried out on two different systems
to investigate if the method of breadmaking affects the trends
observed. The results show the different systems can affect
the product to different extents and even have opposite effects
on quality parameters. A key variable in the methods is the
high speed dough development in the Tweedy mixer-produced
bread compared to the low mixing speed and bulk fermenta-
tion method in the breadmaker. These contrasting processes
are known to affect the cell size distribution, which are respon-
sible for a number of quality parameters. This difference is a
likely reason for the differences observed.
The literature survey and the results presented here illus-
trate both the utility of breadmakers for research, but also
highlight some limitations which have not previously been
recognised in the literature. As a means to produce small
quantities of bread for speciﬁc purposes the breadmaker pro-
vides a very convenient and consistent method. However, it
has been shown that the loaf response to formulation changes
may not be the same between a breadmaker-produced loaf
and a one made by a scaled down version of an industrial pro-
cess, such as a Tweedy 1 mixer. It is recommended that caution
is exercised before extrapolating conclusions from one type of
breadmaking process and another without ﬁrst benchmarking
the processes to ensure compatibility.
5.  Conclusions
Speciﬁc volume, ﬁrmness and cell size distribution were
measured in different sugar content loaves to assess if a
breadmaker can be used to mimic  other breadmaking pro-
cesses when the same formulation is used. The results showed
differences in the quality parameters between the different
methods and at times opposing trends, demonstrating that
use of different methods but with the same formulation does
not produce identical results. Therefore, a breadmaker should
not be used to assess formulation changes to full scale indus-
trial breadmaking processes without ﬁrst benchmarking the
60  food and bioproducts processing 1 0 0 ( 2 0 1 6 ) 54–60breadmaker against the industrial process or employing some
other method of veriﬁcation.
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